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ABSTRACT 
Two experiments were conducted t o  compare tagging 
mortality ra tes  when Pacif ic  mackerel are  tagged using a 
t rad i t iona l  method and a modified method. Tagged and 
control  f i s h  i n  equal numbers were held i n  tanks on board 
the R/V ALASKA and observed for  mortality. The experi- 
ments revealed mortality ra tes  of 24% when the tag passes 
between the pterygiophores o r  neural spines and 1.5% when 
the tag is placed i n  the l a t e r a l  musculature. Mortality 
from handling the f i s h  fo r  tagging was 4%, tank trauma 
. 
was 2%, and the i n i t i a l  tag loss  was 2.5%. 
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INTRODUCTION 
Since 1970, t he  Department of F i sh  and Game has  been tagging  
P a c i f i c  mackerel t o  a i d  i n  e s t ima t ing  t h e  populat ion s i z e .  The 
f i s h  have been tagged wi th  Floy anchor t a g s  us ing  t h e  technique 
recommended by t h e  manufacturer and De l l  (1968). We have assumed 
t h a t  some of t h e  r e l ea sed  f i s h  d i e  from handling and a c c i d e n t a l  
damage t o  v i t a l  t i s s u e s  from the  t a g  and app l i ca to r .  This  m o r t a l i t y  
reduces t h e  number of tagged f i s h  a t  l i b e r t y  a t  an unknown rate and 
makes populat ion e s t ima te s  less r e l i a b l e .  
An experiment was conducted during September 1976 t o  a s s e s s  t h i s  
m o r t a l i t y  rate. A group of  P a c i f i c  mackerel were tagged and he ld  
wi th  an  equal  number of untagged f i s h  i n  tanks on t h e  R/V ALASKA. 
They were observed f o r  m o r t a l i t y  and those  t h a t  d ied  were given a 
post-mortem examination t o  a s c e r t a i n  t h e  cause of death.  At t h e  con- 
c lu s ion  of t h e  experiment t h e  su rv ivo r s  were s a c r i f i c e d  and examined 
f o r  comparison. 
The experiment revealed an unexpectedly high m o r t a l i t y  r a t e  from 
excess ive  hemorrhage. I hypothesized t h a t  a change i n  t h e  tagging 
technique would reduce t h e  tagging  m o r t a l i t y  and n o t  reduce t a g  
r e t en t ion .  I f  t h i s  were t r u e ,  f u t u r e  tagging  opera t ions  would be  
more e f f i c i e n t .  During 1977 a second experiment was conducted t o  test 
a modified t a g  i n s e r t i o n  technique. The tagging  m o r t a l i t y  was markedly 
reduced during t h i s  experiment whi le  t h e  t a g  r e t e n t i o n  remained eseen- 
t i a l l y  t h e  same. 
METHODS AND MATERIALS 
Both experiments were conducted on a 30 m (100 f t )  research 
vesse l ,  t h e  Department's R/V ALASKA. The vesse l  has a sea  water 
tank on each s ide ,  with volumes of approximately 280,000 L (8250 Gal 
3 o r  1100 f t  ) each and pumps tha t  replace the  water every 20-30 minutes. 
The c i rcu la t ion  system is open, with the  intakes near the  kee l ,  about 
4 m (12 f t )  below the  sea  surface,  and a screened overflow near the  top 
of each tank. 
The tags  used were from t h e  same s e r i e s  a s  those used f o r  our general 
mackerel tagging program [i .e., Floy Company anchor tags  FD68B which con- 
sist of a pr in ted  PVC tube 75 mm (ca. 3 inches) long with a 15 mm (ca. 
0.6 inches) nylon s t e m  and a 10 mm (ca. 0.4 inches) "T" bar  molded t o  
the  s t e m ] .  The tags were applied using a Floy tagging gun FDM 68 with 
a heavy duty needle 3 cm (ca. 1.2 inches) long. 
The f i s h  used i n  the  1976 experiment were captured a t  Isthmus Cove 
on the  nor th  s i d e  of Santa Catal ina Is land on September 28. They were 
a t t r a c t e d  t o  the  vesse l  a t  n ight  by the  use of a va r iab le  i n t e n s i t y  
incandescent l i g h t  and chum made of ground anchovies. A t o t a l  of 200 
f i s h  was captured tha t  n ight ,  156 by blanket ne t  and 44 by hook and l i n e .  
They ranged from 300 t o  378 mm fork length (FL) 411.8 t o  14.9 inches) 
with a mean of 349 mm FL (13.8 inches) ,  but  65% were between 350 and 
370 mm FL (13.8 and 14.6 inches). The hooks were made barbless  by 
compressing the  point  with p l i e r s  t o  reduce in jury  during disengagement. 
A s  the  f i s h  were removed from the  blanket n e t ,  f i v e  would be tagged and 
placed i n  the  starboard tank, then an equal number would be  placed 
untagged i n  the  por t  tank, a s  a control .  In  the  hook and l i n e  operation, 
a l t e r n a t e  f i s h  would be tagged o r  consigned t o  t h e  control  group. The 
t a g  was app l i ed  i n  a manner which has  been t r a d i t i o n a l l y  used and 
recommended by t h e  manufacturer.  The tagging needle  was i n s e r t e d  on 
e i t h e r  s i d e  of t h e  upper back i n  an a n t e r i o r  d i r e c t i o n  a t  an angle  of 
approximately 45' t o  t h e  s a g g i t a l  p lane  of t h e  f i s h  and v e n t r a l l y  a t  
about 10' t o  t he  l a t e r a l  p lane ,  This  method d i r e c t s  t h e  needle  beyond 
t h e  dorso v e n t r a l  midl ine and hence between t h e  pterygiophores  o r  t h e  
n e u r a l  sp ines .  The t a g  was dr iven i n t o  t h e  f i s h  and t h e  needle  removed 
wi th  a  t w i s t i n g  a c t i o n  s o  t h a t  t h e  anchor w a s  lodged aga ins t  t h e  bony 
s t r u c t u r e .  The placement of t h e  t a g  was seldom p e r f e c t  because of t h e  
exc i t ed  na tu re  of t h e  f i s h ,  i ts  s t r o n g  musculature,  and s l i p p e r y  sk in .  
The tagging  opera t ion  took two persons t o  e f f e c t ,  wi th  one holding t h e  
f i s h  wi th  two hands and t h e  o t h e r  adminis te r ing  the  tag.  Care was 
taken t o  c o n t r o l  t h e  f i s h  wi th  a  minimum amount of r e s t r a i n t ,  b u t  
e s p e c i a l l y  s t rong  o r  e x c i t e d  f i s h  s u r e l y  s u f f e r e d  from excess  com- 
p re s s ion  and v i t a l  t i s s u e s  were l i k e l y  t o  have been damaged from m i s -  
d i r e c t e d  needle  i n s e r t i o n s .  When t h e  f i s h  were placed i n  t h e  w e l l ,  
some of them would s w i m  away a t  maximum a c c e l e r a t i o n  u n t i l  they s t r u c k  
t h e  s i d e  of t h e  w e l l .  Occasional ly f i s h  would be dropped onto  t h e  deck 
and recovered, bu t  none of t h e s e  was used f o r  t h e  experiment o r  c o n t r o l  
i f  i t  w a s  v i s u a l l y  damaged. Damage from t h e  above hazards was sub- 
sequent ly recognized during autopsy. The t o t a l  t agging  opera t ion  took 
5% hours  ending a t  0330 hours on September 29. The f i s h  were observed 
a f t e r  tagging and thence a t  least twice d a i l y  f o r  15  days. Observations 
were most o f t e n  made during n igh t  hours  s o  t h a t  v i s i b i l i t y  was not  
hampered by dayl ight  r e f l e c t i o n  o f f  t h e  su r f ace  of t h e  water .  When f i s h  
were observed i n  a  moribund state o r  dead on t h e  bottom they  were removed 
f o r  autopsy. Af t e r  t h r e e  days, an unexpectedly high number of f i s h  had 
died from hemorrhage near the  spine,  so  I decided t o  supplement the 
experiment with some f i s h  tagged i n  a d i f fe ren t  way and compare the 
resu l t s .  A t  t h a t  t i m e  an addi t ional  25 f i s h  were caught by blanket 
n e t  and tagged by i n s t a l l i n g  the  t ag  i n  the  l a t e r a l  musculature on the  
same s i d e  a s  the  point  of entry.  The addi t ional  f i s h  were smaller  
than the  f i r s t  group with a s i z e  range of 295-365 mm FL (ca. 11.6 t o  
14.4 inches) and a mean of 324 mm I% (ca. 12.8 inches). After  the 
addit ion of the  supplementary f i s h ,  the  l i v e  f i s h  count was 98 control  
and 107 experimental; a d i f ference  which should have l i t t l e  e f f e c t  on 
the  experiment outcome with low f i s h  dens i t i e s  i n  t h e  tanks. The 
vesse l  s tayed a t  Isthmus Cove u n t i l  October 2 ,  when it  came i n t o  port  
and t i e d  up a t  Berth 56 i n  Los Angeles Harbor. The water qua l i ty  a t  
Catal ina was excel lent  ( c lea r  and clean) and i n  Los Angeles Harbor was 
good (clean and c l e a r  enough t o  see  the  f i s h  and tank bottom) f o r  the  
f i r s t  few days. On October 4 the  f i s h  were fed f o r  the  f i r s t  time. 
They eagerly a t e  anchovies cut  i n t o  th i rds .  Twice da i ly ,  both tanks 
of f i s h  were fed u n t i l  they re jec ted  the  anchovy heads, t h e  port ion 
l e a s t  desired by t h e  mackerel. The f i s h  were not fed heavily during 
the  experiment t o  avoid an accumulation of excrement and uneaten food, 
which would add t o  the  biochemical oxygen demand. On t h e  afternoon of 
October 6, tugboat a c t i v i t y  i n  t h e  area  r o i l e d  t h e  water t o  such an 
extent  t h a t  the  f i s h  could not  be seen o r  fed. This condition l a s t e d  
f o r  about 24 hours and reoccurred on October 9 f o r  t h e  same reason. 
On October 12 the  l a s t  observation was made and t h e  remaining l i v e  
f i s h  were sac r i f i ced  and examined f o r  pathological  conditions. This 
examination w a s  conducted with the  help of Melvin W i l l i s ,  Associate 
Fish Pathologist ,  Cal i f .  Dept. of Fish and Game. 
The fish used i n  the 1977 experiment were captured i n  Catalina 
Harbor on t h e  south s i d e  of Santa Ca ta l ina  I s l a n d  on February 28. 
They a l s o  were a t t r a c t e d  t o  t h e  v e s s e l  a t  n i g h t  t o  a l i g h t  and 
anchovy chum. More than  400 f i s h  wcre caught t h a t  n igh t  on b a r b l e s s  
hooks. They were sma l l e r  than t h e  1976 f i s h  ranging from 220 t o  297 
mm FL (8.7 t o  11.7 inches)  wi th  a mean of 254 mm FL (10 inches) .  I 
tagged two hundred f i s h  and added 200 f i s h  t o  t h e  tank as a con t ro l .  
A l l  of t h e  f i s h  were placed i n t o  t h e  s t a rboa rd  tank.  Tagged and c o n t r o l  
f i s h  were added t o  t h e  tank a t  approximately t h e  same r a t e .  There was 
a d i f f e r e n c e  i n  handl ing between t h e  groups because many of t h e  c o n t r o l  
were not  he ld  i n  t h e  hands bu t  j u s t  r e l ea sed  from t h e  hooks i n t o  t h e  
tank. The tagging  technique used was t o  i n s e r t  t h e  t a g  near  t h e  d o r s a l  
midl ine and p l ace  t h e  anchor a n t e r i o r - l a t e r a l l y  i n  t h e  musculature.  
This  was sometimes d i f f i c u l t  t o  accomplish because of poor l i g h t  condi- 
t i o n s  and s l i p p e r y  f i s h .  The t o t a l  t agging  ope ra t ion  took 6 hours ,  
ending a t  0200 hours on March 1. The f i s h  were f i r s t  f ed  on t h e  fou r th  
day of c a p t i v i t y .  The v e s s e l  s tayed a t  Santa  Cata l ina  I s l a n d  u n t i l  t h e  
second day of t h e  experiment,  when i t  t r a v e l e d  t o  Los Angeles Harbor 
and t i e d  up a t  t h e  same place  as i n  t h e  previous experiment. The water  
a t  t h i s  l o c a l i t y  w a s  c l e a r  enough t o  s e e  t h e  bottom of t h e  tanks  and 
was not  r o i l e d  during t h e  experiment. These f i s h  were observed a t  l e a s t  
twice d a i l y  u n t i l  March 7 when t h e  su rv ivo r s  were s a c r i f i c e d  and 
autopsied.  
The purpose of t h e  au tops i e s  was t o  determine t h e  most probable 
cause of dea th  i n  t h e  hopes of reducing f u t u r e  tagging m o r t a l i t i e s .  
Each f i s h  was examined and the  fol lowing observa t ions  were noted:  t a g  
number; fo rk  length ;  condi t ion  of t he  g i l l s ,  s k i n ,  and f i n s ;  presence 
of i n j u r i e s ;  t a g  s i te  l o c a t i o n ;  condi t ion  of tissue surrounding t h e  
t a g ;  remarks; and probable cause of death.  The probable cause of 
death was determined by eva lua t ing  a l l  of t h e  d i agnos t i c  observa t ions  
and comparing them wi th  observa t ions  from o t h e r  f i s h .  Some determina- 
t i o n s  were obvious while  o t h e r s  were more sub jec t ive .  Untagged f i s h  
were examined s i m i l a r l y  except t h a t  i n  t h e  second experiment,  each was 
examined f o r  poss ib l e  t a g  wounds which would i n d i c a t e  t h a t  i t  had been 
a tagged f i s h  and no t  a con t ro l .  Color photographs were taken t o  
document commonly observed and unusual condi t ions .  Data der ived  from 
t h e  au tops i e s  were analyzed by grouping t h e  probable causes of death 
and comparing them t o  t h e  chronology of each experiment. Also, t h e  
ex t en t  of tagging trauma was compared between groups and between experi-  
ments. 
RESULTS 
1976 Experiment 
P a c i f i c  mackerel normally s w i m  cons t an t ly ,  and when confined i n  
a tank they c i r c l e  a s  a school.  One of t h e  f i r s t  s i g n s  of d i s t r e s s  i s  
any behavior  o the r  than normal. Advanced d i s t r e s s  was revea led  by f i s h  
swimming a imless ly ,  swimming i n  a "head up" a t t i t u d e ,  gaping a t  t h e  
su r f ace ,  o r  foundering a t  t h e  bottom. A t  t h e  end of 24 hours  i n  
c a p t i v i t y ,  one c o n t r o l  and one tagged f i s h  were l e t h a r g i c  and two 
tagged f i s h  were l i s t i n g .  None had died. The f i r s t  m o r t a l i t i e s  were 
observed during t h e  second day when seven tagged and two c o n t r o l  f i s h  
died (Tables 1 and 2 ) .  By t h e  end of t h e  t h i r d  day 16 tagged f i s h  had 
died from tagging trauma. This  trauma was recognized by hemorrhages 
from 1 cm (ca. .5 inch)  i n  diameter i n  some f i s h  t o  2 x 8 cm (ca. 1 x 3 
inches) i n  o the r s .  Each ex t r avasa t ion  r ad ia t ed  from t h e  n e u r a l  sp ines  
*i 
TABLE 1. The Pate of 100 Pacific Mackerel Tagged Using a Conventional 
Technique During the September-October 1976 Tagging Mortality 
at the  t a g  s i te  and progressed a n t e r i o r a l l y ,  some reaching t h e  cranium. 
This condition prompted the  hypothesis t h a t  an unexpectedly high 
number of tagged f i s h  were dying from needle damage t o  blood vesse ls  
which a r e  associated with each neura l  spine. Eventually 20 convention- 
a l l y  tagged f i s h  died from hemorrhages l a r g e r  than 1 cm i n  diameter 
(Table 3). This problem may be pecul iar  t o  P a c i f i c  mackerel because I 
have tagged many juvenile s t r i p e d  bass,  Roccus saxatiZis, with the  same 
guns and tags  without high m o r t a l i t i e s  and Carl ine and Brynildson (1972) 
s t a t e  t h a t  t r o u t  greater  than 150 mm (ca. 5.9 inches) could be tagged 
with l i t t l e  morta l i ty  using a s i m i l a r  Floy t ag  and gun. Perhaps the  
necess i ty  t o  s w i m  constantly prevents healing,  o r  t h e  space between 
neural  spines and blood vesse ls  may be proport ionately smaller  than i n  
o ther  f i s h .  This high morta l i ty  prompted the  accessory experiment of 
tagging 25 addi t ional  f i s h  i n  the  l a t e r a l  musculature. 
In  addi t ion  t o  needle trauma, four of the  tagged f i s h  and four of 
the  control  died from handling during the  experiment. This diagnosis 
was indicated by the  presence of skin  l e s ions  beginning a t  a point of 
abrasion o r  sca le  removal and progressing by fungal in fec t ion  u n t i l  up 
t o  75% of the  epidermis on a s i d e  had sloughed away and t h e  musculature 
was p a r t i a l l y  exposed. Death by tank trauma was evidenced by broken 
and hemorrhagic f a c i a l  bones and pale  pink t o  yellow g i l l s  suggesting 
f a t a l  hypovolemia. A s imi la r  syndrome indicated hook morta l i ty  where 
t h e  maxil la  would be torn  and hemorrhagic, o r  a g i l l  arch would be to rn  
f r e e  a t  one end. Fish tha t  had been i n  d i s t r e s s  f o r  a day o r  more 
commonly had frayed caudal f i n s  from contact  with t h e  tank bottom. 
S t a r t i n g  on t h e  s i x t h  day, a condition developed which I c a l l  
tank stress. Autopsies of f i s h  with t h i s  condition showed minimal 
TABLE 3 .  A Comparison of Tag S i t e  Condit ions and Type of F a t e  Within 
Experimental Tagging Groups and Between Them. T o t a l s  of Actual 
Counts  a r e  Followed by percent  of Observations i n  Each Group i n  
Parentheses .  
Tes t  group 
197 6 Conventional 
technique 
Surv ivors  
M o r t a l i t i e s  
Tag induced 
Handl i n g  
Hook induced 
Tank trauma 
T a n k s t r e s s  
Unknown 
TOTALS 
- - 
1976 Xadif ied 
technique 
Survivors  
M o r t a l i t i e s  
Tag induced 
Hand 1 i ng  
Hook induced 
Tank trauma 
Tank s t r e s s  
Unknown 
TOTALS 
1977 Modified 
technique 
Surv ivors  
M o r t a l i t i e s  
Tag induced 
Handl i n g  
Hook induced 
Tank trauma 
Tank s t r e s s  
Unknown 
TOTALS 
- _ __.  ___ 
- 
_- - __ . -- 
Tag S i t e  Condition 
_ - _ _  
Minimum 
trauma 
36 
2 
2 
1 3  
1 
54 (56.3%) - 
1 
0 
0 
0 
2 
5 
0 
_ _ _---- - -- - - -  
S l i g h t  1 cm. diam. , 
hemorrhage 
6 
1 
1 
8(34.8%)\  4 ( 7  .4 )  4 (17.4%) 7 (30.4%) i' L 3 
I 
--- 
I 
I 
1 1 1  
I 0 
I 
I 3  1 0  3 0 
1 j 1 I 0  I1 9 7 
hemorrhage , hemorrhage 1, Tota l  
I I I 
3 0 ! 
3 20 
1 0 4 
1 0  
0 0 
1 2 
2 4 
0 1 0  I/ 0 
1 
0 
127 
1 
172 (88.29) 
- -  
20 
' 0  ! O 0 0 
14 2 I 0 0 11  143 
1 0 
16(8.2%) 
0 'I 1 0 
7 (3.6%) 1 0 (0%) 
10 (10.41) p 1 ( 1 1 . 5 % )  -- i 21(21.8x) 1 1 I 96 
11 
0 2 
2 6 
0 1 0  i 0 
0 I 0  1 0  
I 0  
I i o 2 0 
2 2 ! 1 I 10 
0 0 0 0 
0 
__ 
__ _ - 
v i s i b l e  evidence of i n j u r y  t o  t h e  integument,  musculature,  ske l e ton  o r  
blood ves se l s .  However, many d id  have va r ious  q u a n t i t i e s  of l y sed  
blood i n  t h e  coelom. A t  f i r s t  I thought t h a t  they had s t a r v e d  bu t  t h e  
symptom was observed i n  f i s h  t h a t  da2? a f t e r  t h e  onse t  of r e g u l a r  
feeding and t h e  amount of subdermal f a t  had not  diminished not iceably .  
I n  add i t i on ,  a f t e r  t h e  water  w a s  r o i l e d  on October 4 ,  some f i s h  began 
swimming w i t h  t h e i r  mouth cons t an t ly  open and d ied  wi th  t h e  mouth agape 
i n  r i g o r .  This  condi t ion  genera l ly  i n d i c a t e s  r e s p i r a t o r y  d i s t r e s s  
which may have been caused by mechanical obs t ruc t ion  of  gas exchange 
i n  t h e  g i l l s .  Fish t h a t  died i n  t h i s  condi t ion  were included i n  t he  
tank stress group. 
A s  t h e  experiment progressed some f i s h  wi th  tagging  trauma were 
diagnosed as dying from tank stress. The j u s t i f i c a t i o n  f o r  t h i s  was 
t h a t  t h e  tank s t r e s s  symptoms were predominant and t h e  t a g  wounds were 
hea l ing .  
I n  gene ra l ,  no tagged o r  untagged f i s h  died of  trauma a f t e r  t h e  
f i f t h  day fol lowing handl ing and/or  tagging. Both t h e  c o n t r o l  and con- 
ven t iona l  t a g  s i t e  groups s u f f e r e d  heavy tank stress m o r t a l i t i e s  a f t e r  
t h a t .  The convent ional  t a g  s i te  group had 24 (o r  24%) m o r t a l i t i e s  
d i r e c t l y  a t t r i b u t a b l e  t o  tagging and 7% a t t r i b u t e d  t o  o t h e r  trauma, 
an amount equal  t o  t h e  con t ro l  group. Had t h e r e  not  been tagging  
m o r t a l i t y ,  t h e  tagged f i s h  probably would have died of s t r e s s  a t  t h e  
same rate a s  t h e  c o n t r o l  s i n c e  s t r e s s  is o f t e n  dens i ty  dependent. 
The f i s h  tagged i n  t h e  l a t e r a l  musculature (modified technique) ,  
had a discouragingly h igh  tagging m o r t a l i t y ,  n ine  f i s h  out  of 25 (36%) 
(Table 4 ) .  However, au tops i e s  revea led  t h a t  s i x  (24%) of t h e  f i s h  i n  
t h i s  group had died from extensivehemorraging o r i g i n a t i n g  near  t he  
TABLE 4. The Fate of 25 Pacific Mackerel Tagged Using a Modified Technique During 
the September-October 1976 Tagging Mortality Experiment. Actual Count8 
are Followed by Percent of the Group in Parentheses. 
1 I 
sp ine  (Table 3) and t h e  l o c a t i o n  of t h e  anchor i nd ica t ed  t h a t  during the  
Date 
observed 
Oct. 2  
3  
4  
5 
6  
7 
8  
9 
10 
11 
12 
13 
t a g  i n s e r t i o n ,  t h e  needle  had been misd i rec ted  and ruptured  a blood 
v e s s e l  a s soc i a t ed  wi th  t h e  sp ine .  The modified tagging  technique s tudy  
Daysafter 
tagging 
1 
2  
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
i n  1976 was thought t o  be inconclus ive  s o  t h e  technique was t e s t e d  
Unknown 
TOTALS 
again i n  1977. 
Tags were known t o  be shed from t h r e e  (3%) of t h e  f i s h .  The r e s t  of 
Probable Cause of Death 
t h e  t a g s  were f i rmly  implanted. 
. 2 (8%)  , 
, 23(92%) 1 2  (8%)  
Total 
mott. 
2  (8%)  
11(44%) 
3 (12%) 
1977 Experiment 
Survi- 
vors 
Un- 
known 
1 (4%)  
1 ( 4 % )  
2 (8%)  9 (36%) 
The t a g  induced l o s s e s  i n  t h i s  experiment were s u b s t a n t i a l l y  reduced 
2 (8%)  I 
2  (8%)  
I('+%) 
/ 2(8%)  
from t h e  1976 experiment (1.5% and 24% r e s p e c t i v e l y ,  Tables 1 and 5) .  
Tank 
trzuma 
2 (8%)  
2  (8%)  
Hook 
trauma 
Tag 
trauma 
2  (8%) 
5 (20%) 
l ( 4 X )  
1 (4%)  
However, s i n c e  t h e  f i s h  were sma l l e r  and they  were a l l  caught on hook 
Tank 
stress 
4(16%) 
2  (8%)  
2  (8%) 
1 ( 4 % )  
1 ( 4 % )  
10(40%) 
Hand- 
ling 
and l i n e ,  t h e r e  was a  s l i g h t  i nc rease  i n  handl ing m o r t a l i t y  over  1976 
(4.5% and 4% r e spec t ive ly ,  Tables  1 and 5 ) .  The f i r s t  four  f i s h  t o  
d i e  exh ib i t ed  p a r a l y s i s  i n  t h e  p o s t e r i o r  t h i r d  of t h e  body which was 
evidenced by swimming d i s a b i l i t y  and l a c k  of muscle tone. This  was 
probably caused by damage t o  t h e  s p i n a l  cord from excess  compression 
when t h e  f i s h  were removed from t h e  hook and r e s t r a i n e d  dur ing  tagging. 
On March 4, which was t h e  f i r s t  day i n  Los Angeles Harbor, t h e  
f i s h  were f ed  f o r  t h e  f i r s t  t i m e .  They seemed i n d i f f e r e n t  t o  t h e  c u t  
anchovies and some were swimming l i s t l e s s l y .  This  was a marked 
d i f f e r e n c e  from t h e  1976 experiment when t h e  f i s h  a t e  a c t i v e l y .  A t  
t h i s  time I had some apprehension about t h e  water  q u a l i t y  because I 
could s m e l l  an organic  chemical i n  t h e  a i r  t h a t  reminded m e  o f  f i b e r -  
g l a s s  r e s i n ,  and i n d u s t r i a l  p o l l u t i o n  was n o t  unknown i n  t h a t  a rea .  
The f i r s t  observa t ion  on March 5 revea led  43 dead f i s h  (21 tagged,  20 
con t ro l ) .  Many f i s h  were swimming l e t h a r g i c a l l y  and a imless ly .  Some 
were gasping a t  t h e  sur face .  That evening t h e r e  were 102 more dead (52 
tagged and 50 con t ro l ) .  The next  day 80 dead f i s h  were removed (40 
tagged and 40 c o n t r o l ) .  The d a i l y  m o r t a l i t i e s  diminished a f t e r  March 7 ,  
bu t  t he  r a t e s  f o r  tagged and c o n t r o l  remained similar (Tables 5 and 6) .  
This  u n d i f f e r e n t i a t e d  m o r t a l i t y  could have r e s u l t e d  from one o r  more 
causes.  Most suspec t  is  t h a t  t h e r e  w a s  a l e t h a l  amount of d i sso lved  
petroleum d i s t i l l a t e  i n  t h e  water .  A s  no ted  before ,  d e t e c t a b l e  vapors 
were present  and t h e  f i s h  swam i n  a drugged manner. The f i s h  d id  n o t  
d i e  wi th  t h e i r  mouths agape i n  r i g o r  as i n  t h e  1976 experiment. Other 
p o s s i b i l i t i e s  were: overcrowding, low d isso lved  oxygen, high metabol ic  
waste concent ra t ions ,  and chemicals a s soc i a t ed  wi th  t h e  bottom of t h e  
harbor .  To minimize the  in f luence  of t h e s e  f a c t o r s ,  f u t u r e  tests 
should be conducted i n  oceanic  waters  such a s  found nea r  Santa  Ca ta l ina  
Is land. 
TABLE 5.  The Fa t e  of 200 P a c i f i c  Mackerel Tagged Using a Modified Technique During t h e  March 
1977 Tagging M o r t a l i t y  Experiment. Actual  counts  a r e  Followed by Percent  of t h e  
Group i n  Paren theses .  
1 I il I I I II I Probable  Cause of Death 
Date / Days a f t e r  I Tag I Hand- 
trauma 1 l i n g  
13(1 .5% 
observed 
March 1 
2 
3 
4 
5 
6 
7 
8 
trauma trauma + tagging 0 1 2 3 
4 
5 
6 
7 
Tank 
s t r e s s  
~ndnown 
TOTALS 
11 Tota l  I 
Unknown I/ m o r t a l i t y  1 Survivors  
11 3(1.5%) ] 
3(1.5%) 
TABLE 6. The Fa te  o f  200 P a c i f i c  Mackerel i n  t h e  Cont ro l  Group from the  March 1977 Tagging 
Mor t a l i t y  Experiment. Actual  Counts a r e  Followed by Percent  of t h e  Group i n  Paren theses .  
9(4.5%) 
Probable  Cause of Death 
1 I I I 
Date I Days a f t e r  I Tag I Hand- I Hook I Tank I Tank 
I 
~n&own 
TOTALS 12 (6%) 2 (1%) 136(68%) 
observed I tagging I trauma I l i n g  I trauma 1 trauma 1 stress To ta l  
March 1 I 0 I 1 
Autopsies of t h e  tagged f i s h  revea led  t h a t  88.2% had minimal 
tagging trauma, and none had ecchymoses l a r g e r  than 1 cm i n  diameter  
(Table 3 ) .  This  i n d i c a t e s  t h a t  c a r e f u l  admin i s t r a t i on  of t h e  t a g  
i n t o  the  musculature can g r e a t l y  reduce t h e  r i s k  of l e t h a l  t i s s u e  
damage. 
Tags were known t o  have been shed from two (1%) of t h e  f i s h  and 
probably would have been l o s t  from t h r e e  (1.5%) o the r s .  A f i s h  t h a t  had 
been double tagged i n  October 1976, w a s  captured whi le  f i s h i n g  f o r  t e s t  
animals. It had been tagged wi th  t h e  modified technique. Both t a g s  
were f i rmly  implanted i n  t h e  l a t e r a l  musculature and t h e  surrounding 
t i s s u e  was completely healed.  
DISCUSSION 
Successful  tagging of f i s h  usua l ly  involves such v a r i a b l e s  a s  
t h e  s i z e  of  t h e  f i s h ,  method of capture ,  holding v e s s e l ,  type of t a g ,  
technique of app l i ca t ion ,  and l o c a t i o n  of r e l ea se .  Each v a r i a b l e  
a f f e c t s  t h e  mor t a l i t y  r a t e  as a u n i t  and t h e  combined e f f e c t s  equal  
t h e  tagging  mor t a l i t y .  An i d e a l  s tudy would inc lude  one experiment 
f o r  each v a r i a b l e  which, i n  t h e  case  of t h e  mackerel tagging opera t ion  
conducted by t h e  Department, would have requi red  about 12 experiments. 
However, it is hoped t h a t  by c a r e f u l l y  analyzing these  two experiments 
along wi th  o the r  observa t ions  of r e l a t i v e  t a g  r e t u r n  r a t e s  we w i l l  be  
able t o  estimate tagging m o r t a l i t y  f o r  any combination of v a r i a b l e s  i n  
a rou t ine  tagging operat ion.  From these  experiments we have learned  
t o  expect  t h e  fol lowing m o r t a l i t i e s :  ( i )  ho ld ing  t h e  f i s h  f o r  t a g g i n g =  
ca. 4%, ( i i )  convent ional  tagging = ca. 24%, ( i i i )  modified tagging = 
ca. 1.5%, ( i v )  capture  by hook = up t o  6%, (v) t ank  trauma = ca.  2% and 
( v i )  t ank  s t r e s s  i n  oceanic  waters  = ca. 0% (Tables 1, 2, 4 ,  5 ,  and 6) .  
Tag r e t u r n s  from rou t ine  tagging opera t ions  have revea led  dramatic  
d i f f e r ences  i n  tagging mor t a l i t y .  I n  t h e  sp r ing  of 1977 on two s e p a r a t e  
days 4,000 P a c i f i c  mackerel were tagged. Our procedures were e s s e n t i a l l y  
t h e  same wi th  one except ion:  i n  t h e  f i r s t  opera t ion  t h e  f i s h  were re- 
moved from a roundhaul n e t  w i th  a normal b r a i l ,  and i n  t h e  o t h e r  with a 
b r a i l  t h a t  had a waterproof l i n e r  which kept  t h e  f i s h  i n  water during 
t r a n s f e r  t o  t h e  hold ing  tanks.  To da t e ,  we have had 14 r e t u r n s  from 
t h e  f i r s t  opera t ion  and 266 r e t u r n s  from t h e  second. This  i n d i c a t e s  
t h a t  perhaps t h e  f i r s t  group su f f e red  unobserved trauma, such a s  s c a l e  
removal, which jeopardized t h e i r  s u r v i v a l  a f t e r  tagging  and r e l ease .  
Based on present  knowledge, t h e  opera t ion  which would produce the  
lowest tagging  m o r t a l i t y  f o r  about 4,000 r e l eased  f i s h  would be: 
( i )  f i s h  taken i n  one set of a roundhaul n e t ,  ( i i )  removed from n e t  by 
water b r a i l  o r  g r a v i t y  flow, ( i i i )  placed i n  l i v e  w e l l  i n  moderate 
numbers (about 2,000 per  commercial l i v e  b a i t  boa t  w e l l ) ,  ( i v )  about 
20 f i s h  a t  a time kept  a t  t h e  su r f ace  by a crowder, (v) each f i s h  t o  
be  handled by only one person wearing w e t  co t ton  gloves,  ( v i )  tagging 
t o  be done by a second ind iv idua l  us ing  t h e  modified technique descr ibed 
above, ( v i i )  r e l e a s e  tagged f i s h  immediately i n t o  ocean wa te r s ,  whi le  
( v i i i )  t h e  v e s s e l  is  slowly underway t o  avoid p reda to r s  and e f f e c t  
d i spe r s ion ,  and ( i x )  t h e r e  should be f i v e  o r  s i x  people i n  t h e  tagging  
crew so t h a t  t h e  opera t ion  takes  p l ace  i n  l e s s  than 8 hours. This  
method would produce an expected tagging mor t a l i t y  of 7.5% (1.5% f o r  
tagging trauma, p lus  4% f o r  handl ing,  p lus  2% f o r  tank trauma), 
I n  add i t i on  t o  t h e  above tagging  m o r t a l i t y ,  2.5% f o r  i n i t i a l  t a g  
shedding should be sub t r ac t ed  from t h e  number of f i s h  r e l ea sed  t o  
compute t h e  i n i t i a l  number of f i s h  a t  l i b e r t y .  
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